Reef snorkeling is potentially a high risk activity for persons visiting tropical and sub-tropical waters due to possible overexposure to solar ultraviolet radiation (UVR have shown there to be some variation in the UVR distribution, with the neck receiving the greatest proportion of ambient UVR (0.56 ± 0.14 (1σ)), followed by the lower back (0.36 ± 0.14 (1σ)).
Introduction
Exposure to ultraviolet radiation (UVR) plays a critical role in the health of humans. Excessive exposure to UVR is known to be the cause of skin cancer while limited exposure to sunlight has been linked with vitamin D deficiencies which are responsible for imbalances in calcium metabolism, influencing human bone development, and a number of other diseases including some cancers (1) .
Excessive exposure to solar UVR is common in low latitudes, particularly in the southern hemisphere which experiences lower ozone concentrations compared to similar northern latitudes (2) . Populations, such as the Australian population which experiences the highest incidence rate of skin cancer in the world are aware of the environmental risks to public health caused by exposure to the sun, yet the incidence of diseases like skin cancer continue to rise (3) . Further public education may assist in reducing incidence rates. The need for more suitable health education strategies concerning environmental hazards that influence the health of holiday makers, including UVR has been highlighted previously (4) . Quantification of the actual exposures received in different environments, for different activities and under different circumstances is needed to raise awareness for situations that present potentially high risks to the public.
Snorkeling may rank as one of the highest personal risk activities that can be undertaken by population groups residing in high ambient UVR climates, however no data has yet been presented for this population group. Snorkeling may also potentially have a greater impact upon visiting foreign population groups less aware of the extremes that exist in popular destinations frequented by holiday makers. The risks of over exposure to UVR for snorkelers are caused by: limited use of protective clothing; increased proportion of the body surface being exposed to UVR incident upon a horizontal plane; potential UVR enhancement caused by water surface albedo and focusing due to wave action; behavioural risk of increased exposure time caused by the cooling influence of water; exposure of unacclimatised skin often covered by clothing during other activities; popularity with unacclimatised holiday makers visiting extreme tropical and sub-tropical environments; and the removal of 4 sunscreens from the body by both sea water and perspiration. Recently, Moehrle (5) completed work detailing the distribution and severity of UVR exposure to ironman athletes engaging in swimming activities. Measurements of UVR exposure have also been measured to beachgoers (6) . This study (6) determined that Hawaiian beachgoers spend an average of 3 hours at the beach and experience an exposure of approximately 1040 Jm -2 of erythemally effective UVR in that time. Exposure distributions to seaside sunbathers (7) and those received in proximity to a pool (8) have also been studied. However, specific measurements of UVR exposure to snorkelers are not present in the literature.
One reason for there being limited information on exposure distributions of snorkelers may be attributed to the difficulty in calibrating UVR sensitive dosimeters for use on human subjects in a marine environment. The calibration of polymer film dosimeters is known to change with variations in physical parameters such as solar zenith angle (SZA) and column ozone concentrations (9) requiring such dosimeters to be calibrated near to the time of intended use. Polymer film dosimeters such as poly 2,6-dimethyl-1,4-phenylene oxide (PPO) have been calibrated for use in the marine environment (10, 11, 12) , provided the dosimeter remains submerged. Calibrating polymer film dosimeters for snorkelers requires the partial in-air and immersion of the dosimeter to be taken into account in order to take measurements that are affected by variations in wave motion that keep the snorkeler's back in a dynamic state of wet and dry. This paper describes a new technique for the use of dosimeters on snorkelers and provides results on UV exposures to snorkelers over the latitude range of 15 o S to 25 o S.
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Materials and Methods
As the backs of reef snorkelers experience a unique temporal variation between exposure in air and exposure below the surface of the water, a new calibration technique has been developed for the calibration of polysulphone (PS) film dosimeters for this research. This has involved the development of a waterline calibration technique that makes the assumption that the backs of reef snorkelers are horizontally orientated at the ocean surface and are not submerged at a range of depths for any extended period of time. For shallow coral reef snorkelers this is a reasonable assumption, given the limited diving space available and the tendency of reef snorkelers to "float" over regions of interest.
In previous research, calibrated PS dosimeters have been used extensively to measure personal UVR exposures on land (13, 14) and recently, Schouten et al. (10) demonstrated that PPO film dosimeters could also be used in aquatic environments by calibration to solar UVB radiation (298 nm to 320 nm) for a range of depths. Here, PS film dosimeters were calibrated to the partial in-air and underwater erythemally effective solar UVR (UVE AW ), where the UVE AW is the solar radiation in the 280 nm to 400 nm UVR waveband weighted to the human erythemal response (15) and measured on an airwater boundary. The UVE AW represents a hybrid air-water calibration. For this research, UVE is used to denote the erythemally effective UVR not measured on the air-water boundary.
The dosimeters used for this research were manufactured from PS film cast to an approximate thickness of 40 μm and adhered to slide frames with a clear aperture of 16 mm x 20 mm. PS film dosimeters have been examined for underwater use previously and have a quoted UVB measurement error of less than 5% within tropical latitudes for most of the day (16) . The absorbance of the PS dosimeters was measured pre and post exposure at 330 nm using a spectrophotometer (model 1601, Shimadzu Co., Kyoto, Japan). This is the wavelength at which the maximum change in absorbance of PS can be measured in the UVR waveband (14) . The error threshold for optical absorbance measurements in the spectrophotometer has been quoted as  0.002 by the manufacturer.
Measurements of the change in absorbance, ΔA 330 following exposure were made at four separate 6 locations over the dosimeter film surface area and averaged to minimise error caused by film defects that could have been present across the aperture surface. The measured change in absorbance was calibrated against the measured UVE AW , which for this research is expressed in units of Standard Erythema Dose (SED), representing 100 Jm -2 of erythemally effective UVR (17) .
Dosimeter calibration
Dosimeters used to measure exposure to the backs of snorkelers were calibrated on the air-water plane. error of between 0.1 and 1.5 SED, with the mean error measured across all trials being 0.6 SED.
The IL1400 portable UVR meter measured the cumulative UVE AW exposure received by the PS dosimeters at the calibration site by placing a series of PS dosimeters on the air-water boundary of a natural sea water body such that the dosimeters received submerged and in-air UVR due to the temporal variation of wave action over the calibration plane. For this research, the PS dosimeters were attached to brick weights which were placed into a shallow natural water body. A small waterproof diffuser input optic (SUD240, International Light, USA) was utilised by the IL1400 portable UVR meter to measure the UVE AW on the calibration plane. The diffuser optic was attached to the brick weight so that the diffuser face was aligned to the same plane as the PS dosimeters ( Figure 1 ). performed. This calibration was performed in proximity to the air-sea calibration location using the portable broadband UVR meter. The calibrations were undertaken at an unshaded location on a sand flat, 50 m from a tree-lined shoreline.
FIGURE 2
Measurements to snorkelers
Exposures were measured to the backs of snorkelers while they were engaged in snorkeling activities.
To replicate the actions of a reef snorkeler, participants were instructed to snorkel on the water line of each snorkeling trial was limited to a maximum period of one hour but was often shorter than this depending upon participant fatigue. In order to ensure a high degree of safety, all study participants were experienced snorkelers. Human ethical clearance was sought and obtained from the USQ human ethics committee in conducting this research. Participants engaged in snorkeling were required to 9 wear wetsuits or rash vests to which dosimeters were taped to the neck or lower back. During one trial, measurements were also made on the left and right shoulder however movement of the shoulder blades resulted in early detachment of the dosimeters from these sites.
Exposure modelling
Calibrated UVE AW exposures measured to the backs of snorkelers were also expressed relative to the horizontal plane UVE exposure measured simultaneously on land during each snorkeling trial. The exposures are represented by the ratio:
where E site is the UVE AW exposure measured to any particular site on the back, E hor is the horizontal plane ambient UVE measured on land and ER (exposure ratio) is the proportion of the horizontal plane ambient UVE measured at any particular back site. The mean ER determined for spring and estimates were made for a period of one hour during mid summer and mid spring. The exposure period of one hour was chosen as this is likely to represent the upper time limit during which a snorkeling activity takes place, based upon the fatigue level of study participants. Modelled exposures are therefore likely to represent an upper exposure limit for most cases. 
Results
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The measurements listed in Table 1 
FIGURE 3
The estimated results presented in Table 2 have implications for both local and international holiday makers planning to partake in snorkeling activities. Of the locations modelled (Figure 3) , Table 2 shows clearly the influence of latitude and SZA on the UVE AW exposure received by a snorkeler, where exposures are greater in low latitudes and at more oblique SZA ranges. From the results, it is conceivable that a snorkeler will experience a period of enhanced exposure before midday due to the increase in ER caused by sunlight incidence at increasing angle to the surface normal. Exposures in the latitude range from Green Island through to Luecila Beach are higher in September than in January between 12:00 pm and 1:00 pm due to this effect. At Heron Island and Lady Elliot Island, the September exposures become lower than the exposure experienced in January. Similarly, the September exposure for Lizard Island is lower than the January exposure, however for this case the lower exposure is due to the 0 o -25 o SZA ER also being applied to the lower spring time exposure.
Snorkeling near midday in low latitude locations could potentially result in a lower UVE AW exposure than that experienced if a snorkeler is exposed earlier in the morning or later in the afternoon when the higher 26 o -50 o SZA ER range applies.
Discussion
The focus of this work has been the development of a new method for calibrating dosimeters that experience both in air and submerged exposure periods, resulting in the first approximation of erythemally effective UV exposures measured on snorkelers. Future work utilising a multiplexer fibre optic system, capable of simultaneous in air and air water measurement will decrease the quoted uncertainties given for the calibrated dosimeters used in this project. Future research involving a larger number of participants than those involved in this preliminary study will further shed light on the possibility of UVE AW exposure enhancements and help to determine diurnal exposure risk periods for individuals located in the partial in-air and underwater environment. The UVE AW received by a snorkeler will however also depend on a number of other factors, particularly the level of personal protection used.
A new technique to measure the erythemally effective solar exposure to the backs of reef snorkelers has been presented in this research. These exposures have also been expressed relative to the ambient UVR exposure received on a horizontal plane, enabling modelled horizontal plane UVR exposures to be weighted with the UVE AW exposure ratios for snorkelers. This has involved the development of a simultaneous in-air and partially submerged calibration. The partial immersion technique developed for this study has shown exposure to the lower back to be less than exposure to the neck.
The calibration of PS dosimeters placed on the air-water boundary has shown that these dosimeters undergo an optical change in absorbency more quickly than dosimeters placed in air. This will limit the effective exposure range of PS in the marine environment for long term exposure applications, in which case the use of polymer films with a more substantial dynamic range such as PPO could be employed (12) . Measurements of exposure received by snorkelers made in this research using PS were taken over a maximum period of 55 minutes corresponding to a maximum ΔA 330 A possible explanation for this may be that radiation incident at an increased angle to the surface normal, due to the position of the solar disc in the sky will result in a greater proportion of that radiation being reflected as opposed to penetrating the water column at near normal angles of incidence. This will have the greatest effect to the neck, shoulder blades and head of a reef snorker, regions of the body that typically experience greater periods of exposure above the water surface. In a similar study conducted in proximity to a swimming pool, Schmalwieser et al. (8) stinger suits often cover the head and neck, however further research examining the ultraviolet protection of stinger suit materials is needed to determine the relative effectiveness of these suits at protecting vulnerable exposed skin surfaces. This is an avenue for further research.
Compared to measurements made to sunbathers, who also spend a significant period of time in a horizontal orientation, the measurements of ER made here show that snorkelers experience similar ratios of ambient exposure as those experienced by beachgoers (7) and poolside sunbathers (8) , with this ratio increasing during periods when the sun is positioned at oblique SZA ranges. Siani et al. (7) measured the ER to the chests of beachgoers using PS dosimeters. This particular research showed that three groups of Italian sunbathers experienced an approximate ER of 0. 
Conclusion
The risks of developing skin cancer and other health issues such as the degradation of skin fibres, the reduction of skin elasticity and the inhibition of cell growth are increased by solar UVR exposures.
Increased levels of solar ultraviolet incident upon holiday makers visiting the seaside environment warrants the necessity to quantitatively evaluate the exposure risk to such a population. Popular activities for holiday makers using the sea side environment include reef snorkeling. While solar UVR is reduced significantly at depths greater than two meters in the underwater environment, particularly in the biologically significant UVB, snorkeling presents a case in which UVR exposure can be enhanced above typical exposure levels received on land surfaces, due largely to the constant facedown body orientation of the snorkeler. However, there is a major gap in the scientific knowledge on the amount of solar UVR exposures received by reef snorkelers. This research has developed the first hybrid in-air to water calibration of UVR film dosimeters for use on snorkelers to accurately determine the exposure received by this population group. Furthermore, this research has assessed the UVE AW exposures at a range of high ambient UVR tourist locations. It is anticipated that this information could be used to inform the population of the likely exposure levels in this environment and in turn will have an impact on reducing skin cancers and other diseases associated with unnecessary exposures to solar UVR caused by unprotected snorkeling activities.
Figure 1:
A total of twelve calibration dosimeters were attached to two brick weights that were placed into a natural sea water body so that the dosimeters received both air and submerged UVE exposures caused by dynamic wave action over the calibration plane to measure UVE AW .
Figure 3:
Geographic distribution of snorkeling sites presented in Table 2 .
